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The Effects of Nintendo Wii FIT on Balance of Elderly Adults 
Balance, defined in biomechanical terms, is the maintenance of upright posture 
with minimal deviation from the center of gravity and vertical axis (Winter, 1995). It is a 
complex physiological sense that requires the input and full coordination of many 
systems in the body, including the input from the vestibular, visual, and somatosensory 
systems, and output from the motor system (Simoneau, Ulbrecht, and Cavanagh, 1995). 
Although balance is a critical element of daily life for all dynamic beings, the ability to 
maintain upright posture becomes of particular concern in aging human populations, 
when the deterioration of the sensory and motor systems becomes common.  
Decline in balance ability can be caused by both aging and injury to any of the 
input systems used to properly integrate balance information. Deterioration of the 
vestibular, visual and somatosensory systems is common with aging. Any injury to any of 
these systems also has an impact in the ability to integrate balance input (Berg, 1989). 
 According to the United States Centers for Disease Control, approximately one-
third of individuals over the age of 65 fall each year, with many of those individuals 
incurring bone fractures and other injuries as a result. Falls contribute to the most deaths 
caused by injury within the aged population, and the mortality rate following a fall is 
drastically higher than prior to falling (CDC, 2005). In addition to physical injury, falling 
is also linked to the development of a fear of falling, which can lead to lifestyle changes 
that ultimately increase fall risk (Vellas, Wayne, Romero, Baumgartner, and Garry, 
1997). Because of these health issues, the maintenance of balance is a top priority for 
medical professionals treating the aged community. 
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 As the rate of injury due to falling increases, research within the field has 
expanded to investigate the possibility of tell-tale risk factors for falling. Among the risk 
factors listed, cognitive, visual, or mechanical impairment, prescription drug use, 
hypotension, history of stroke and inactivity are all highlighted (Larson and Bergmann, 
2008). In a report by Myers et al., 52 studies searching for the risk factors for falling were 
summarized. Mobility, balance, gait, neuromuscular and musculoskeletal deterioration 
that ultimately lead to inactivity, as well as neurological conditions, depression and the 
fear of falling were all charged with increasing fall risk (Myers, Young, and Langlois, 
1996). After assessing fall occurrence in conjunction with many physiological and 
behavioral factors, Marks and Katz concluded that the most efficient and accurate 
screening tools for fall risk are reporting fall history and current medication usage, as 
well as having the individual complete single leg stance assessment (Marks and Katz, 
2009). 
While looking into risk factors for falling and deteriorating balance ability, it is 
important to pay attention to the different testing methods that have been developed to 
quantify one’s balance. In 1989, Berg analyzed the efficacy, accuracy and validity of 
many common functional balance assessments, both clinical and laboratory based, and 
determined that at that time, there were no perfect measures to standardize balance ability 
(Berg, 1989). In an effort to provide a basis for properly assessing and reporting balance 
ability, Berg developed the Berg Balance Scale (Berg, Wood-Dauphinee, Williams, and 
Gayton, 1989). The scale consists of a battery of 14 mini-tests that require the participant 
to complete common functional balance tasks easily, quickly, and without assistance. 
Scores are rated by an observer, and range from 0 to 4 for each item. A total score below 
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45 (max score = 56) indicates fall risk. The Berg Balance Scale is now used as a 
practical, performance-based assessment of balance ability in scientific research and 
administered by physical therapists as a simple way to determine fall risk. The Tinetti 
Test is another commonly used performance based balance assessment that looks at both 
functional static balance (16 points) and balance with respect to gait mechanics (12 
points) (Tinetti, 1986).  
The other common type of balance assessment is found in the laboratory setting 
utilizes a dynamometer, or force platform, to assess the center of pressure while standing. 
Center of pressure analyses track the changes in the center of pressure in response to 
postural sway. Center of pressure movement, or the average deviation from the average 
center of pressure, has been demonstrated to be an effective measure for balance, 
especially when used in conjunction with other balance measurement tools (Karlsson and 
Frykberg, 2000). 
Static balance ability is often used as a measurement tool, however dynamic 
balance with respect to functional balance during gait is also important for assessing total 
balance ability. Human gait mechanics have been studied in depth in an effort to find 
standard values to which the features of individuals’ gaits can be compared. A gait cycle 
is defined as the period between two identical events that occur with the same leg. In 
most cases, heel strike with one leg is notes as 0% of the cycle, and the second heel strike 
with the same leg is noted as 100%. Stance phase is the period of the gait cycle during 
which the foot is in contact with the floor (Perry, 1992). According to the literature, 
standards for walking velocity, stride length and the percent of the total gait cycle spent 
in stance are reported as 1.13 m/s, 1.39 m, and 65.5%, respectively, for elderly age 
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groups (>65 years) (Gabell, Simons and Nayak, 1986; Winter, Patia, Frank and Walt, 
1990).  
Along with the search for reliable fall-risk indicators and testing mechanisms, 
researchers continue to search for methods for training balance to prevent deterioration or 
reverse the effects of the loss of balance ability. It is well established that exercise 
interventions provide a significant reduction in the balance ability decline among elderly 
individuals. The mode of exercise does have an effect on the success of the intervention; 
however, group exercise programs and individually prescribed exercise regimens both 
prove to be effective in preventing the decline in balance ability among aged populations. 
Other approaches for decreasing the loss of balance include aiding the elderly with fear, 
depression and lack of activity that could lead to falling (Larson et al., 2008). Tai Chi, 
when practiced for 1.5 hours per day, five days per week for three weeks, also reduced 
the instance of tripping in post-surgical elderly individuals by improving control over the 
swing leg (Gatts and Woollacott, 2007). High-intensity strength training for 10 weeks 
also caused an increase in balance ability, as measured by the Berg Balance Scale (Hess 
and Woollacott, 2005). 
 With the introduction of Nintendo Wii FIT to the market in early 2008, 
advertisements surfaced claiming that Wii FIT is an effective tool for increasing fitness 
levels and balance ability. Nintendo Wii is a game console that employs wireless 
technology to allow for interactive video gaming. The Wii FIT program uses this 
technology in the form of a balance board, upon which users can interact with games and 
instructions on the screen in order to engage in fitness-related and fun activities. Similar 
to a scientific-quality force platform, the Wii FIT balance board responds to center of 
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pressure and the changes in forces caused by movement (Clark et al., 2009). The program 
provides biofeedback to the users, allowing them to cause changes within the video game 
by moving their bodies. There are a variety of activities available within the Wii FIT 
program, including Yoga, balance games, cardiovascular fitness and strength training, 
complete with a trainer to provide instructions and fitness tracker to show progress. 
Nintendo Wii FIT was designed to provide easy, at-home access to a fitness regimen and 
allow for many different types of populations to engage in physical activity. 
 Although Nintendo claims Wii FIT affects the fitness and balance of its users, 
little published data is available to qualify these statements. In addition, the system has 
become a staple feature of many physical therapy clinics as a tool for balance and fitness 
rehabilitation, regardless of the lack of scientific support. In a case report published in 
2009, a single subject was monitored through her physical therapy appointments in which 
the Wii FIT was used (Brown, Sugarman, and Burstin, 2009). The subject reported 
enjoying the activity, and experienced an increase in functional balance assessment 
scores following rehabilitation. Although the feedback from using Wii FIT was positive, 
the balance ability increases may have been elicited by the physical therapy itself, as the 
system was used merely as a supplement to a regular therapy regimen. 
 For these reasons, it is important to further investigate the effects that Nintendo 
Wii FIT has on balance. To determine whether the Nintendo Wii FIT system has a 
marked affect on balance ability, volunteers were recruited to take part in a training study 
employing the system as a balance training tool. The pre- and post-test protocol was 
designed to quantitatively analyze the balance of the participants using both 
biomechanical and clinical assessments that could relate to the type of training.  
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 In an effort to increase the knowledge base for Nintendo Wii FIT, as well as find 
an effective balance training method, the current study was designed. The purpose was to 
elicit a change in the balance ability of elderly participants through only the use of 
Nintendo Wii Fit and accurately assess magnitude of the changes to the static and 
dynamic balance of users. It was hypothesized that balance ability would increase 
following training on the system such that: walking velocity and stride length would 
increase, the percent time spent in stance phase of the gait cycle and step width would 
decrease, trunk angle would approach vertical, Berg Balance Scale and Tinetti Test 
scores would increase, the COPM radii would decrease, and self-reported balance 
confidence would increase. 
Method 
Participants 
Recruitment for the study took place in two phases at two local assisted living 
communities. The first phase of the study included elderly individuals, age > 65, with no 
balance concerns. Participants were screened for any health issues, and asked to consent 
to volunteer for four weeks of training on Nintendo Wii FIT and to refrain from taking 
part in any outside activity that could affect balance ability. After the completion of the 
first phase of study with the normal elderly (NE) group, new volunteers were selected for 
participation in the second phase of research only if they met the following criteria: over 
65 years old, no serious health issues, and having mild to moderate balance concerns as 
determined by self-assessment and the score of less than or equal to 2 on item 14 of the 
Berg Balance Scale (single leg stance) (Berg et al., 1992). The participants in the mild to 
moderate balance concern (MC) group consented to volunteer for six weeks of training 
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and to refrain from taking part in any outside activity that could affect balance ability. 
Eight normal participants (mean age = 85.1 years) and six participants from the MC 
group (mean age = 85 years) successfully completed the study (Table 1). 
In order to maintain privacy, all participants were assigned a subject number upon 
signing an informed consent, and all subsequent data was assigned with the number 
rather than the subject’s name. Due to the nature of this training study, however, 
investigators were required to be aware of the participants’ identities to be able to create a 
desirable training environment and schedule training and testing sessions. None of the 
data, however, is linked to the identities of the participants. If the participants were 
interested in knowing the results of their pre- and post-tests, the information was made 
available to them. 
Care was taken to ensure the safety of the participants. In every aspect of testing 
and training, two investigators were present in order to both obtain data and watch for 
signs of the participants becoming weak, tired, or unbalanced. 
Training 
The training protocol varied between the two groups. Participants in the NE group 
trained for 20 minutes each session, three sessions on non-consecutive days each week 
for four weeks (240 minutes). The participants in the MC group trained for an additional 
two weeks, culminating with 6 weeks (360 minutes) of training. Active training time was 
determined using a standard stopwatch, as the timer on the Wii FIT program does not 
accurately record the time for each activity. Breaks were encouraged for elderly 
participants in order to maintain stamina and energy throughout the training session. Each 
training session began with the completion of the “Deep Breathing”, “Half Moon” and 
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“Tree” poses within the yoga section of Nintendo Wii FIT. These poses accounted for 
4:15 of the 20 minutes of activity. The remainder of the activity time spent on balance 
games, which are characterized by the movement direction on the balance board: Four-
way, medio-lateral, or anterior-posterior training. Descriptions of the Wii FIT balance 
games are provided in Table 2.  
Data Collection 
Prior to training on the Nintendo Wii FIT, both groups of participants were 
evaluated using four balance assessments including the Berg Balance Scale, Tinetti Test, 
a center of pressure movement analysis on a force platform, and a walking mechanics 
analysis. At the time of the pre-test, participants were also asked to report their balance 
ability, on a scale of one to ten, with ten being perfect balance. Following the four-week 
or six-week training period, a post-test was completed in the same fashion as the pre-test.  
The Berg Balance Scale (Berg et al., 1989) and Tinetti Test (Tinetti, 1986) are 
functional balance assessments commonly used by physical therapists to assess fall risk 
in patients. The Berg Balance Scale consists of a battery of fourteen activities that may be 
faced in daily life, including but not limited to sitting or standing up from a seated 
position, reaching forward, picking up an object from the floor and standing on one foot. 
Scoring is based on the how easily and quickly the participant can complete the task with 
or without aid. In addition to similar functional balance tasks, the Tinetti Test also 
includes a gait analysis that rates different components of the individual’s gait mechanics 
such as the path taken and degree to which the foot clears the ground during swing phase.  
Center of pressure movement (COPM) was determined using a Kistler 
dynamometer, or force plate, which collected data samples at 200 Hz. Using BioWare 
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software, the average deviation (or radius) from the average center of pressure and 
average velocity of the center of pressure movement were determined. Each participant 
was instructed to stand at the center of the plate with feet comfortably apart and arms at 
his or her side while focusing on a stationary point on the wall. The verbal command 
“stand as still as possible” was used (Zok, Mazza and Cappozza, 2008). Three 10-second 
trials were completed for each participant to determine the COPM radius and velocity. 
An explanatory figuring depicting the method for determining COPM radius is provided 
(Figure 1).  
The walking trial required each participant to walk down a path on a smooth 
surface of approximately five meters long by 0.7 meters wide at a self-selected normal 
walking speed. Video data was collected from the lateral and posterior directions. To aid 
in the analysis of the video data, participants were marked with contrasting tape at the 
fifth metatarsal-phalangeal joint, the center of the lateral side of the calcaneous at floor 
level, lateral malleolus of the fibula, greater trochanter of the femur, one inch below the 
acromion process on the middle deltoid muscle of the shoulder, and at the center of the 
calcaneous on the posterior of the foot to illuminate important points for digitizing. Each 
participant completed six walking trials in which at least one full stride is visible in the 
video. The side-view camera was positioned 5 m from the walking path and the rear-view 
camera was positioned approximately 4 m from the position of data collection, although 
each file was calibrated separately using known distances within the video to ensure 
proper measurements. Each camera, a Fastec Imaging Inline camera for side-view and 
Pansonic video camera for rear-view, collected videos at 60 Hz and was shuttered to 
decrease the exposure time and chance of blurring. The side-view video streamed directly 
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into Innovision System MaxTRAQ software at a rate of 60 frames per second, while the 
rearview videos were imported into MaxTRAQ from the Panasonic camera following 
video collection. 
Data Analysis 
The dependent variables assessed in the data analysis were the self-reported 
balance ability, Berg Balance Scale total score, score on item 13 of the Berg Balance 
Scale, score on item 14 on the Berg Balance Scale, the Tinetti Total score, and the Tinetti 
Test gait score, COPM radius, COPM velocity, and the gait features of stride length, 
stride width, walking velocity, percent time spent in stance phase, and trunk lean. All data 
were compared pre versus post using paired-sample t-tests and across cohort using 
independent sample t-tests. 
Results 
Twelve normal elders and six elderly individuals with mild to moderate balance 
concerns entered and completed the initial pre-test evaluation. Of the initial 12 
participants in the NE group, four withdrew from the training or did not complete the 
final post-test evaluation following the four week training protocol, leaving eight 
participants in the MC group (mean age = 85.1, male = 3, female = 5). The men were an 
average of 81.67 years old, 69.7 inches tall and 186.3 pounds. The women within the NE 
group were an average of 87.2 years old, 63.6 inches tall and 153.9 pounds. Of the 
participants in the NE group, none had experienced falls within the previous year, and 
ranked their self-reported balance ability upon entering the study as 7.56 out of 10 points. 
Demographic information for the study participants are given in Table 1.  
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All MC group participants successfully completed the entire six weeks of training 
as well as the pre- and post-testing sessions, (n=6, mean age = 85, male = 4, female = 2). 
Within this group, the women were an average of 86.5 years old, with an average height 
of 65.5 inches and an average weight of 144.5 pounds. The men were an average of 84.25 
years old, 71.5 inches tall, and weighed 177.75 pounds. Of the participants in the MC 
group, two had experienced a falls in the last year. The initial self-reported balance ability 
for the MC group, collected prior to any balance assessments during the pre-test session, 
was 5.583 out of 10 points (Table 1). 
Throughout training, logs were kept of the time spent in the different games in 
Nintendo Wii Fit. In each session, the Yoga simulation took up 4:15 of the 20 minutes of 
training. The four-way balance games (Table 2) were played for an average of 8:12, the 
medio-lateral balance games were played for an average of 6:22, and the anterior-
posterior games took up the remaining 1:25. The average total active training time for a 
training session was 20:19 (see Figure 2).  
For each of the dependent variables assessed in the pre- and post-tests, statistical 
analysis was completed in SPSS for Windows. As previously stated, data were compared 
for pre-test versus post-test using paired sample t-tests, and across cohort and gender 
using independent sample t-tests. Results were considered significant when p<.05.  
Analysis of the normal elderly (NE) walking mechanics data revealed an increase 
in the average gait features of stride length (1.01%), stride rate (3.16%) (p=0.0045), 
walking velocity (4.16%) (p=0.0245), and step width (10.23%), as shown in Table 3. In 
addition, percent time spent in stance decreased (0.9%), while trunk lean changed from 
leaning backwards to forwards between the pre- and post-testing. The MC group saw a 
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decrease in stride length (1.02%) and walking velocity (0.98%), and an increase in stride 
rate (0.73%), percent time spent in stance (0.17%), and step width (5.2%) (p= 0.042). 
Unlike the NE group, the pre-test trunk lean angle for the MC group was oriented 
forward (positive). Data from post-testing showed an increase of 14% for this angle. 
Comparison of mean data for the MC group is found in Table 4. 
The pre-test and post-test Berg Balance Scale scores were compared using the 
total scores (out of 56), as well as the scores for the individual items 13 and 14 (each out 
of four points). Both the NE group and MC group Berg Balance scale scores increased 
from pre- to post-test. Normal elders saw at 3.84 percent increase in the total score 
(p=0.009), a 1.11 percent increase in the individual score for item 13, and a 21.01 percent 
increase in the individual score for item 14. The total Berg Balance Scale scores 
increased by 0.41%, item 13 score increased by 3.10% and the item 14 score increased by 
6.01% (p=0.038) in the MC group. (See Figures 3, 4) 
The total score of the Tinetti Test (out of 28 points), as well as the gait score (out 
of 12 points) were compared for the pre- and post-tests. NE total Tinetti Test scores, see 
Figure 5, increased by 1.80% (p=0.01) and the gait score increased by 5.35% (p=0.02). In 
the MC group, the total Tinetti test score increased by 0.76% (p=0.02), however, the gait 
score did not change from pre-test to post-test (11.67). 
From the center of pressure movement (COPM) analysis data, the radius of 
movement and the velocity of movement were recorded for each of three trials for each 
participant. From pre-test to post-test, the COPM radius and COPM velocity decreased in 
both the NE (COPM-R=13.97%, COPM-V=3.69%) and MC groups (COPM-R=0.047%, 
COPM-V=0.49%). 
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At the time of post-testing, a second self-reported balance ability score was 
collected from each participant, on a scale of 1 to 10, with 10 being the best balance. 
From pre-test to post-test, balance confidence increased by 4.15% for the NE group and 
by 6.15% for the MC group (p=0.07) (Figure 6). 
In addition to the paired-sample t-tests to compare pre- and post-test means, 
scores were compared across cohort to look for significant differences between the 
different populations. Post-test data for stride length (p=0.029), walking velocity 
(p=0.026), trunk lean (p=0.035), and total Tinetti Test scores (p=0.038) showed 
significant differences in the means for the two different groups (Table 5). In addition, 
the pre- (p=0.035) and post-test (p=0.036) center of pressure movement radii were 
significantly different for the two groups. Balance confidence score differences were 
significant from the pre-test (p=0.031), but not the post-test for the two groups. 
Discussion  
Gait Mechanics Analysis 
The walking mechanics analysis was the primary means for looking into dynamic 
balance. Through the analysis, it was possible to compare characteristics of the walking 
patterns of the participants to standard values for variables such as walking velocity, 
percent time in stance phase, and trunk lean. Gabell, Simons and Nayak reported normal 
walking velocity to be 1.19 m/s for elderly (age = 66-84) adults (1986). Therefore, our 
walkers, as defined by their mean walking velocity (NEpost = 1.08 m/s, MCpost = 0.903 
m/s) are slower than average by 9.7% and 27.4%. 
In addition, our participants spent more time in stance phase than the average. In 
normal gait, stance phase accounts for approximately 65.5% of the gait cycle according 
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to Winter, Patia, Frank and Walt (1990). The normal elderly group spent an average of 
67.0% of the gait cycle in stance phase, a 2.3% increase from the standard value. The MC 
group spent 68.4% of the time in stance phase, a 4.3% increase from the value reported. 
Stance phase of healthy normal gait in younger populations is closer to 60% (Perry, 
1992). Spending more time in stance during gait cycle may be a mechanism for 
increasing stability during walking.  
Maintaining upright, relatively vertical posture is a key component of balance. 
While investigating the forces acting on different parts of the body during static and 
dynamic balance exercise, Winter found that a forward or backward trunk angle, 
measured as an acute angle between the vertical axis through the hip and the shoulder to 
hip line, elicits more stress on postural control muscles and leads to postural sway 
(Winter, 1995). The minimal deviation of the trunk angles from the vertical axis in our 
data suggests that the participants in each of the groups maintained generally upright 
posture. However, the 14% increase in trunk lean seen in the MC group is in the opposite 
direction as our hypothesis. 
Step width values, mean = 0.113m for NE and mean = 0.138m for MC post-tests, 
were both increased from the pre-test values. Heitmann et al. found that mean step width 
and balance performance were negatively related, leading to the conclusion that an 
increase in balance ability with training should have caused a decrease in step width 
(Heitmann, Gossman, Shaddeau and Jackson, 1989).  
When comparing across cohorts, the mean values for stride length, walking 
velocity and trunk lean from the post-test data did differ significantly between the NE and 
MC cohorts. The longer strides, faster pace, and more vertical posture results seen by the 
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NE group, in this case, may be attributable to a higher confidence in gait. Stride rate (pre- 
and post-test) and percent time spent in stance (post-test only) also differed when 
comparing between male and female participants.  
As a whole, the gait mechanics analysis revealed no changes due to training on 
Nintendo Wii FIT. The NE group data followed the hypothesis for all gait mechanics 
variables but step width, however the only statistically significant t-score was for walking 
velocity. In general, MC group data went in the opposite direction as the hypothetical 
results. In this case, the mode of testing and variables tested may not correlate with the 
type of training that was done. 
Functional Balance Assessments 
The Berg Balance Scale scores did increase significantly for the NE group from 
pre-test to post-test, (p=0.009), however the MC group saw an increase that was not 
statistically significant. In addition to comparing the total Berg Balance Scale scores, 
items 13 and 14 were isolated as good measures of balance independent of other items 
(Marks and Katz, 2009; Winter, 1995). Item 13, instructing the subject to stand in a 
tandem stance, with one foot in front of the other, and item 14, a single leg stance, both 
received much lower scores on average than the remaining 12 items within the scale. For 
the normal elders, the 1.1% increase from 2.25 to 2.275 on item 13 and 21.0% increase 
from 2.13 to 2.63 on item 14 were not statistically significant due to very high variability 
in the scores. The MC group, however, did see a significant change in the positive 
direction from pre-test to post-test in the item 14 score, (%-diff = 6.0%, p=0.038). The 
other Berg Balance Scale variables increased, but not significantly, for the MC group.  
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From previous research, it was determined that administering item 14 of the Berg 
Balance Scale prior to signing consent to participate would be inclusion criteria for the 
MC group (Marks and Katz, 2009). A score of two or less on item 14, which means that 
the subject was able to hold themselves steady on one foot for less than 5 seconds, was 
required to be considered to have mild to moderate balance concerns. The average score 
on item 14 increased from 1.83 to 2.33 from pre-test to post-test in the MC group, leading 
to the conclusion that using this item for pre-screening for participation in the study, as 
well as balance ability in general, is effective and that the mode of training did affect this 
measure of balance. 
Within the Tinetti Test data, both the total scores and the gait scores were 
analyzed for pre- versus post-tests. The mean post-test total Tinetti Test scores were 
significantly better than those for the pre-test for both groups. The gait score was 
significantly different in the post-test than in the pre-test in the NE group. In the MC 
group, however, no change was seen in the gait score from pre- to post-test (%-diff. = 0).  
Although nearly all of the variables within the functional balance assessments 
increased from pre- to post-test in each group, the lack of significant findings within 
these two tests could be attributed to the different between the mode of testing and mode 
of training. The balance games on Nintendo Wii FIT employ stationary balance training 
strategies, and the majority of the items on the Berg Balance Scale and Tinetti Test assess 
the functional ability to complete everyday tasks. These tasks do not necessarily involve 
standing and leaning slightly in the sagittal and frontal planes, as is required by the 
games. As noted above, however, the more difficulty static balance tasks (single leg 
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stance and tandem stance) did see and increase from pre- to post-test, which is likely due 
to the similarity in training and testing mode. 
Center of Pressure Movement Analysis 
 Clark et al. reported on the accuracy and validity of force platform data (COPM) 
as a measure of balance and the similarity between scientific dynanometers and the Wii 
FIT Balance Board (2009). Karlsson et al. determined that COPM analyses result in 
significant findings when used as a balance measurement tool in conjunction with another 
tool (2000). The verbal command used, “stand as still as possible” was found to be the 
most effective in causing the participant to stand still and reduce postural sway while the 
COPM analysis is collected (Zok et al., 2008). The results from our analysis do not show 
that any significant change in COPM radii or velocity occurred due to the training on the 
Wii FIT. Although the radius of movement decreased in both the NE and MC groups, the 
velocity of movement increased from pre-test to post-test, indicating a greater degree of 
fast corrective movement. 
Considering the mode of testing and training for the COPM analysis were nearly 
identical, the lack of significant findings for this variable is incongruent with our 
expectations. The COPM assessment instructs participants to stand as still as possible for 
the 10-second time interval. Within the balance games on Wii FIT, there is movement in 
the frontal and sagittal planes, as prompted by the on screen instructions. This difference 
could result in decreased test validity. In addition to the balance games, however, the 
participants all trained with Wii FIT Yoga for 4:15 during each training session. The Wii 
FIT game provides the user with biofeedback, allowing him or her to see the movement 
of his or her center of pressure and adjust it if necessary. The fact that the center of 
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pressure movement scores did not significantly change as a result of the training protocol 
could be attributed to a reliance on biofeedback for maintaining upright posture, or the 
subjects becoming accustomed to the sagittal and frontal plane movement.  
Self-Reported Balance Confidence 
 As reported by Vellas, fear of falling is a significant indicator of fall risk (Vellas, 
1997). The self-reported balance ability scores, or balance confidence, are meaningful in 
that they may provide insight into the degree of fear of falling, and ultimately fall risk for 
the participants in the study. It can therefore be assumed that balance confidence scores 
and fear of falling are inversely related. Although the results from the study data don’t 
have statistical significance, any increase in balance confidence is a beneficial.  
Suggestions for Future Research 
Along with increasing statistical strength by adding participants to the current 
cohorts, to more accurately assess the balance ability changes elicited by training on 
Nintendo Wii FIT, it is necessary to develop a new testing method that more closely tests 
the mechanisms that are trained on the system. Previous research states that the Wii FIT 
balance board is an adequate tool to measure COPM (Clark et al., 2009). Within the 
game, there is a Fitness Test feature that tests the user’s ability to move his or her center 
of pressure into specific points. Although the Wii FIT system does not provide output 
that is comparable to COPM radii or velocity, it would be of interest to determine 
whether the biofeedback elicits more or less steady upright posture during a static balance 
assessment. As a supplemental feature to force platform software, a biofeedback screen 
could be included with a program that not only analyzes static balance while standing 
still, but also the dynamic balance required to move one’s center of pressure. The time 
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needed to move the center of pressure from one point to another, as well as the velocity 
and ability to keep the center of pressure stationary at the new point could be quantified.  
In addition to the supplemental testing procedure, altering the variables assessed 
in the walking mechanics analysis may be another method to determine functional 
balance ability during gait. According to Hausdorff, the variability between strides within 
the same walking trial may be more indicative of fall risk than looking at the features of a 
single stride (2007). Specifically, stance and swing time variation between adjacent 
strides should be assessed. Standardizing gait mechanics for stature, such that stride 
length and velocity do not have an effect on other components of the gait cycle such as 
percent time spent in stance phase, may also be an important step to take in further 
research (Van Iersel, Olde Rikkert and Borm, 2007). 
Although the validity of the testing methods may be behind the insignificant 
findings, it is also possibly that the Nintendo Wii FIT does not elicit a change in balance 
ability when used at the current combinations of frequency and duration. An extended 
training period (possibly 8 weeks), or longer individual training sessions may be 
necessary to elicit improvement in balance ability. 
Conclusion 
 In an effort to increase the knowledge base for the application of Nintendo Wii 
FIT as an acceptable tool for training balance in different populations, two groups of 
elderly individuals were tested with clinical and biomechanical assessments and trained 
on Wii FIT in hopes of causing a change in balance ability. Significant findings between 
pre- and post-tests were seen in seven of the 14 variables selected to assess balance 
ability. From these results, it is possible to conclude that the testing method did not 
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completely assess the mechanisms trained on the Wii FIT system. It is also possible that 
the Nintendo Wii FIT does not cause a change in balance ability under the present 
conditions. Future experimentation is needed to further understand the system and its 
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Table 1 
Characteristic information of study participants 





Normal Elderly (NE)      
        Female 5 87.2 162 61.0 0 
        Male 3 81.7 177 84.5 0 
Mild /Moderate Balance Concerns (MC)      
        Female 2 86.5 166 65.5 0 
        Male 4 84.3 182 80.6 --b 
Withdraw      
        Female 2 83.5 158 59.7 0 
        Male 2 90.5 180 79.4 0 
 
Note. NE Phase of study was conducted in Spring 2009; MC Phase of study was 
conducted in Spring 2010. 
aAny falls occurring within the 12 months prior to the pre-test date were reported.  
bAverage fall value not determined. Two participants in this category had fallen in the 12 
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Table 2 
Nintendo Wii FIT Balance Games and Descriptions 
Group/Game Description 
Four-Way Balance  
        Table-tilt 
Maneuver a ball into a hole on a floating table by shifting weight 
on the board to cause it to tilt; Must keep the ball on the table 
        Balance Bubble 
Maneuver character through a windy river by leaning in all 
directions; must move forward to go and avoid hitting the walls 
or bees 
Side to Side Balance  
        Ski Slalom Lean side to side to guide character around ski slalom brackets  
        Penguin Fishing 
Try to catch as many fish as possible by moving a penguin on an 
iceberg; lean side to side to cause an iceberg to tilt to the right or 
left 
        Soccer Headinga 
Lean left and right to make the character hit the soccer ball on 
the screen with his head; avoid cleats and panda heads 
Forward Backward  
        Snowboard Slalomb 
Lean forward and backward on the board to guide the character 
around snowboard slalom brackets 
Note. Games have adjustable difficulty levels 
aSoccer heading was only used with very advanced participants, as the speed is too fast 
for most to keep up with. 









The Effects of Nintendo Wii FIT on Balance of Elderly Adults     26 
Table 3 
Normal Elderly (NE) Pre-Test and Post-Test Comparison of Means 
Mean, n=8   
Variable 
Pre (Std Dev) Post (Std Dev) t-score %-Diff 
Gait Mechanics     
        Stride Length (m) 1.167 (0.191) 1.179 (0.191) -.847 1.012 
        Stride Rate (stride/sec) 0.889 (0.096) 0.917 (0.088) -3.581* 3.156 
        Walking Velocity (m/s)a 1.037 (0.202) 1.081 (0.197) -2.379* 4.155 
        Percent Time in Stance 67.6 (2.01) 67.0 (1.87) 1.569 -0.901 
        Trunk Lean (degrees) -0.260b (1.72) 0.727b (2.05) -1.577 -- 
        Step Width (m) 0.102 (0.031) 0.113 (0.031) -1.075 10.233 
Berg Balance Scale     
        Total 51 (2.83) 53 (2.62) -3.055* 3.846 
        Item 13 2.25 (1.39) 2.28 (1.58) -1.323 1.105 
        Item 14 2.13(0.991) 2.63 (1.06) -1.323 21.008 
Tinetti Test     
        Total 27.50 (0.707) 28.00 (0.00) -2.376* 1.802 
        Gait 11.38 (0.744) 12.00 (0.00) -3.000* 5.348 
Center of Pressure Movement     
        Radius (mm) 4.74 (0.17) 4.12 (0.16) .589 -13.966 
        Velocity (mm/sec) 39.20 (11.85) 37.61 (6.46) .549 -3.685 
Balance Confidence 7.56c (0.776) 7.88c (0.582) -1.256 4.145 
 
Note. Metric units for length are given in meters, unless otherwise specified. 
aConversion from m/s to mph: mph = m/s*2.237 
bReported values are measured in degrees, with respect to the y-axis (vertical). Negative 
values indicate leaning backward, positive values indicate leaning forward. 
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Table 4  
Mild/Moderate Balance Concerns (MC) Pre-Test and Post-Test Comparison of Means 
Mean, n=6   
Variable 
Pre (Std Dev) Post (Std Dev) t-score %-Diff. 
Gait Mechanics     
        Stride Length (m) 1.04 (0.188) 1.00 (0.125) .887 -1.02 
        Stride Rate (stride/sec) 0.89 (0.123) 0.92 (0.118) -.681 0.73 
        Walking Velocity (m/s)a 0.94 (0.157) 0.90 (0.103) .718 -0.98 
        Percent Time in Stance 68.0 (1.15) 68.4 (1.35) -.579 0.17 
        Trunk Lean (degrees) 1.50b (3.70) 2.66b (1.57) -1.031 14.03 
        Step Width (m) 0.112 (0.010) 0.138 (0.023) -2.150* 5.2 
Berg Balance Scale     
        Total 51.33 (1.97) 52.17 (1.72) -1.387* 0.41 
        Item 13 2.50 (1.23) 2.83 (0.983) -1.000 3.10 
        Item 14 1.83 (0.408) 2.33 (0.516) -2.236* 6.01 
Tinetti Test     
        Total 26.67 (1.03) 27.5 (0.548) -2.712* 0.77 
        Gait 11.67 (0.516) 11.67 (0.516) .000 0 
Center of Pressure Movement     
        Radius (mm) 6.11 (0.84) 5.99 (0.1.35) .257 -0.47 
        Velocity (mm/sec) 39.75 (3.65) 38.98 (8.11) -.029 -0.49 
Balance Confidence 5.6c (2.01) 7.17c (1.17) -1.754 6.15 
 
Note. Metric units for length are given in meters, unless otherwise specified. 
aConversion from m/s to mph: mph = m/s*2.237 
bReported values are measured in degrees, with respect to the y-axis (vertical). 
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Table 5 
Comparison of means across cohort 
Variable Cohort Mean Std. Deviation t-score 
NE 1.167 .192 Stride Length: Pre 
MC 1.041 .189 
1.222 
NE 1.179 .192 Stride Length: Post 
MC .999 .126 
2.108* 
NE 1.037 .202 Walking Velocity: Pre 
MC .939 .158 
1.018 
NE 1.081 .197 Walking Velocity: Post 
MC .903 .103 
2.190* 
NE -.260 1.717 Trunk Angle: Pre 
MC 1.497 3.701 
-1.079 
NE .727 2.050 Trunk Angle: Post 
ME 2.664 1.573 
-2.001* 
NE 27.25 .707 Tinetti Total Score: Pre 
MC 26.67 1.033 
1.190 
NE 28.00 .000 Tinetti Total Score: Post 
MC 27.50 .548 
2.236* 
NE .005 .002 COPM Radius: Pre 
MC .006 .001 
 
-2.009* 
NE .004 .002 COPM Radius: Post 
MC .006 .001 
-1.974* 
NE 7.56 .776 Balance Confidence: Pre 
MC 5.60 2.005 
 
2.273* 
NE 7.88 .582 Balance Confidence: Post 
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Figure Captions 
Figure 1. An explanatory figure depicting the method for calculating center of pressure 
movement. In the given example, samples are collected at 5 Hz for a period of 5 seconds, 
resulting in 25 coordinate points. The average of each of the coordinate points is 
calculated, shown as the average center of pressure. Then, the distance from the average 
center of pressure to each of the data points is calculated using the distance formula for a 
coordinate plane, . The average of these distances is the average 
deviation from the average center of pressure, or center of pressure movement radius.  
Figure 2. Average relative time spent on each type of balance game in Nintendo Wii FIT 
during each training session. Participants were required to train on the system for 20 
minutes, and to begin each session with 4:15 of Yoga training. The average total time 
spent training during each training session was 20:19.  
Figure 3. Mean total Berg Balance Scale scores for NE and MC group pre-and post-tests. 
The pre-test to post-test increase in score for the NE group is shown (p=0.009).  
*p<.05 
Figure 4. Mean individual Berg Balance Scale scores for items 13 and 14 for NE and MC 
group pre- and post-tests. Each item is out of a maximum of 4 points. Item 13 of the Berg 
Balance Scale instructs subject to stand with one foot in front of the other (tandem 
stance). Item 14 is a single leg stance. From pre- to post-test, there was a significant 
difference in the means for Item 14 (p=0.038). 
*p<.05 
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Figure 5. Mean total Tinetti Test scores for NE and MC group pre-and post-tests. The 
pre-test to post-test increases for both NE and MC groups are statistically significant 
(p=0.01, p=0.02 respectively). 
*p<.05 
Figure 6. Changes in self-reported balance ability for NE and MC groups from pre-test to 
post-test. Neither group’s scores changed significantly, although each of the group’s 
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